Blends consisting of the poly-3-hydroxybutyrate-co-3-hydroxyvalerate (PHBV) copolymer and poly-ε-caprolactone (PCL) were used to prepare polymer films by casting solution technique. The structure and physical-mechanical, and biological properties of the films were examined as influenced by DOI: 10.17516/1997DOI: 10.17516/ -1389DOI: 10.17516/ -2015 поли-3-гидроксибутират-3-гидроксивалерат, поли-ε-капролактон, смеси полимеров, биополимеры, биосовместимость. 
PHA copolymers are more readily processible, and the 3-hydroxybutyrate/3-hydroxyvalerate copolymer (PHBV) is the most commonly used PHA copolymer now. Its crystallinity varies between 50 and 70 %, depending upon the ratio of its monomer molar fractions. Synthesis of other types of PHA copolymers requires rather complicated approaches including the search for new PHA producers, testing of nutrient media and culture conditions, or construction of genetically modified strains (Madison, Huisman, 1999; Volova, 2004) .
One of the approaches to improving mechanical properties of pure polymers and eliminating their drawbacks, making them stronger and more ductile, is preparation of polymer-based blends. The common condition for all medical uses is biocompatibility of both components of the blend. Blending may result in three different types of systems (Avella et al., 2000) . One type is a homogenous blend with a uniform structure and averaged properties of the initial pure components. If components are immiscible for thermodynamic reasons, the resulting system may be a two-phase blend whose material structure changes qualitatively under varied concentrations of components. If components effectively adhere to each other, this blend may have good mechanical properties. One more type of the composite system may consist of the matrix with reinforcing elements. In these systems, the effectiveness of reinforcement is also controlled by the degree of adhesion between components.
Polymer blends and composites can be prepared by using the following main methods: 1) extrusion of the mechanical mixture of polymers;
2) preparation of a mixed solution of the components in a common solvent and production of films by the solvent evaporation technique;
3) preparation of suspension of the insoluble component (which then becomes the reinforcing element) in the solution of the polymer (the future matrix) and preparation of the products by the solvent evaporation technique. Although extrusion methods are technically simple, they are not quite suitable for PHAs, which show poor thermal stability at temperatures close to their melting points (Hablot et al., 2008) , and, thus, solvent techniques are more appropriate.
Poly-ε-caprolactone (PCL) is a translucent polyester that has a strength of about 0.4 GPa (Eshraghi, Das, 2010) , which is regarded as an outstanding synthetic biodegradable polymer.
The structure of PCL enables the manufacture of elastic and mechanically strong products.
PCL is also well known for its biocompatibility.
However, being very hydrophobic, PCL does not favor cell adhesion and proliferation on the surface of tissue-engineered constructs produced from pure PCL (Abedalwafa et al., 2013) .
There are a number of studies addressing the miscibility behavior of different PHAs with PCL, which describe thermodynamic properties of the blends produced. In the majority of these studies, the blends contained poly-3-hydroxybutyrate (PHB). Lovera et al. The purpose of this study was to prepare blends of the PHBV copolymer with PCL, and to investigate the effects of variations in the PHBV/PCL composition on the structure, physicochemical, and biological properties of the films produced from these blends. The films were dried at ambient temperature for 3-5 days in a laminar flow cabinet.
Materials and Methods

Material
Analysis of the properties of the blends
Crystallinity of films prepared from PHBV/ PCL blends was determined by X-Ray structure analysis, with a D8 ADVANCE X-Ray powder diffractometer equipped with a VANTEC fast linear detector, using CuKa radiation (''Bruker, AXS'', Germany). The error in determination was 2 % or less (Volova et al., 2014) .
The microstructure of the surface of the films was analyzed in a TM 3000 scanning electron microscope (Hitachi, Japan). The specimens were preliminarily sputter-coated with gold (10 mA, 40 s), employing an Emitech K575X sputter coater.
Surface properties of the specimens were examined using a DSA-25E drop shape analyzer (Krüss, Germany) and software DSA-4 for
Windows. Drops of water and diiodomethane, 1.5 µl each, were alternately placed on the specimen surface, and contact angles of these liquids were measured in a semiautomatic mode, by the "Circle" method. The results of measurements were used to calculate surface free energy (SFE) and its dispersive and polar components by the Owens, Wendt, Rabel and Kaelble method (Owens and Wendt, 1969; Kaelble, 1970) . 
Statistical analysis
Statistical analysis of the surface properties of the films was done by using built-in methods of DSA-4 software. Statistical analysis of the other results was performed using the standard software package of Microsoft Excel 2003. Arithmetic means and standard deviations were found.
Significant differences between mean values
were tested using Student's t test (significance level: p=0.05) by standard methods.
Results
Description of the films prepared from PHBV/PCL blends are given in Table 1 . Films produced from the blends with different ratios The study of physical and mechanical properties of the blends containing different ratios of the components (Fig. 2b) However, the number of cells in the culture varied, but that was not directly related to the surface properties of the films. On PHBV, PCL, and 10/90 and 5/95 PHBV/PCL films, the number of cells was lower than on other films used in the study.
Scanning electron microscopy (Fig. 4) showed that the best cell attachment was achieved By contrast, PCL exhibits considerable elasticity but lower mechanical strength than PHBV.
Results of our study suggest that these A rather recent study (Lim et al., 2013) proved that the blending of poly-3-hydroxybutyrate-3-hydroxyhexanoate with poly-ε-caprolactone did not affect the biocompatibility of the copolymer.
In the present study, experiments with mouse fibroblasts showed high biocompatibility of all PHBV/PCL blends used as cell scaffolds.
No adverse effects on the cultured fibroblasts were observed, as confirmed by morphological examination and MTT assay. Film scaffolds prepared from PHBV/PCL blends that contained 5 and 10 % PCL by mass were found to be the most favorable for cultivation of cells, but as the percentage of poly-ε-caprolactone in the blend 
Conclusion
The present study showed that PHBV/PCL blends could be used to prepare polymer products whose physical and mechanical properties would be different from those of the pure polymers.
Despite the differences in the surface structure, all films favored cell attachment and facilitated cell proliferation in experiments with NIH 3T3 mouse fibroblast cells, and, thus, they may be suitable for cell technologies. Based on their mechanical properties, films prepared from the 25/75 PHBV/PCL blend were evaluated as the most promising ones.
